Abstract The Register for Orthopaedic Prosthetic Implantation (RIPO) has been prospectively collecting data on hip prostheses performed in all the orthopaedic units in the region Emilia-Romagna since January 2000. The register aims to determine the characteristics of patients, evaluate the effectiveness of prostheses, and allow internal audit. Adherence to the register is compulsory (93% capture). By 31 December 2006 the register contained data on 35,041 primary total hip arthroplasty (THA), 14,613 hemiarthoplasties, and 5,878 revisions. All prosthetic components are registered on an individual basis. Survival analysis is done following the Kaplan Meier method. Cumulative survival rate at 7 years is 96.8% (95% CI: 96.4-97.1%) for THA and 97.6% (97.0-98.3%) for hemiarthroplasties. Multivariate analysis verified that survival of the THA is affected by pathology, where the worst conditions are rheumatoid arthritis, femoral neck fracture, and sequelae of coxitis or Paget's disease. Results are comparable to other major registers of Northern Europe and Australia.
Introduction
On the basis of the benefits obtained by the Scandinavian arthroplasty registers, a local register was set up in the Emilia-Romagna region, in the north of Italy [6] [7] [8] [10] [11] [12] [13] . It was initiated on January 1, 2000 as the first regional register in Italy and collects data on primary total hip replacements, hemiarthroplasties, and revisions, performed both in public and in private hospitals. All previous attempts to establish voluntary registers had failed due to very low compliance of surgeons. Thus, local health authorities decided to force the adherence by linking the reimbursement of the Diagnosis Related Groups (DRG) to participation in the register or by defining it as an objective for general directors of the hospitals. Emilia-Romagna is 22,000 km 2 wide, with approximately 4.5 million inhabitants (of whom 23% are over 65 years old) and it has 68 orthopaedic units, either public hospitals or private clinics, where hip replacements are performed. Emilia-Romagna has 7% of the Italian population and performs 11.4% of primary THA and 14.6% of revisions for the entire country. The hip register was first set up and validated over a 10-year period beginning in 1990 at the Istituto Ortopedico Rizzoli, which is a monospecialistic hospital [15] . It was called the Register of Orthopaedic Prosthetic Implants (RIPO) and it aimed to improve patients' health during and after total hip replacement by giving surgeons evidence of the best performing implants and techniques so as to ensure that healthcare resources are correctly used.
Methods
Data recording is done for each operation by the surgical staff. A form is completed with identification of the patient, information about diagnosis or reason for reoperation, affected side, Charnley hip score, weight and height, surgical approach, antibiotic and antithromboembolic prophylaxis, blood transfusions, use of bone grafts, and perioperative complications. Cup, stem, head, and liners are separately registered, using stickers with catalogue numbers and batches provided by the manufacturers. Fixation of the components, brand of cement, and technique of preparation and application in the stem are registered. Forms are transmitted to RIPO. Missing or incongruent data, if any, are requested by register staff from the reference surgeon of the respective unit before data entry into a database set in CINECA (Consorzio Interuninversitario di Calcolo per l'Italia del Nord-Est). Quality of data is regularly checked through the analysis of data distribution and through random control on 10% of entered forms. Input errors are also monitored by means of an autorunning quality control check-up.
Revision of at least one component is used as an end-point in all the analyses. The lifetime of the primary prosthesis ends at the time of prosthesis removal. The lifetime of a revision prosthesis starts from the date of implant. Two-stage revision (Girdlestone) is considered a failure for the first prosthesis at the time of prosthesis removal.
Implant survivorship is estimated with the use of the Cox proportional hazard model [3] and the Kaplan Meier method [2] . Ninety-five percent confidence intervals are calculated.
Validity and efficacy of reporting from the units are guaranteed by merging RIPO and the regional register of hospital discharge. Deaths are obtained from merging RIPO data with the national database. Women comprised 66.4% of patients and more than 54.0% were overweight with a body mass index higher than 25. Mean age at primary surgery was 66.9 years (range, 16-101 years), at revision 70.0 years (22-98), and at hemiarthroplasty 83.0 years (23-109).
Results

Adhesion
The diagnoses for primary surgery and reasons for revision are illustrated in Table 1 . The group denoted 'other diagnosis' in primary surgery includes the osteonecrosis of femoral head due to steroids or dialysis, nonunion in femoral neck fractures, and Paget's diseases, among a few others. In the group denoted 'other reasons for revisions', conversion from hemiarthroplasty into total arthroplasty is primarily included. Among revisions, 33.9% were total revision, 41.2% were cup revisions, and the remaining were either stem or head revisions. Hemiarthroplasty was the primary treatment for femoral fracture in 97.7% of the patients.
The proportion of uncemented, cemented, and hybrid primary replacements and revision operations is summarised in Table 2; in Table 3 Ninety-eight different types of stems and 87 different types of cups were implanted in Emilia-Romagna in 2006. The situation was similar for total revision where 55 different types of stems or cups were used.
Heparin was used for antithromboembolic prophylaxis in the nearly all patients. Antibiotic prophylaxis was accomplished by many different drugs, the most frequently used in primary surgery was cefazoline (30%) and cefazoline combined with either tobramicine, netilmicine, or gentamicine (23.7%). A multiple dosage was preferred to a single shot in 81% of operations.
A lateral approach was used in 65.4% of primary total arthroplasty and 55.0% of hemiarthroplasties. Intraoperative complications included bone fractures and anaesthetic complications. Local postop complications included deep venous thrombosis, haematoma, peripheral nerve lesions, prosthesis dislocation and infection. General postop complications included embolism, heart attack, minor gastrointestinal or urinary problems (Fig. 1) .
The duration of hospital stay was also recorded and elaborated so as to provide an index of improvement in the hospital programme. In 2000, mean presurgery hospital stay was 2.4 days (95% CI: 2.3-2.5%) for primary hip arthroplasty and 3.5 days (95% CI: 3.3-3.6%) for hemiarthroplasty. In 2006 mean presurgery hospital stay was 1.8 (95% CI: 1.8-1.9%) and 3.9 days (CI 95%: 3.7-4.0%) for primary hip arthroplasty and hemiarthroplasty, respectively.
The difference observed in the average presurgery stay in THA between 2000 and 2006 is statistically significant (t test for equality of mean p<0.001).
The survival curve of THA is shown in Table 2 . Mean value at 7 years is 96.8% (95% CI: 96.4-97.1%).
Of the 35,041 primary implants, 670 revisions were performed. Reasons for revision are detailed in Fig. 2 .
The survival curve of hemiarthroplasties is shown in Fig. 3 . Mean value at 7 years is 97.6% (95% CI: 97.0-98.3%); 190 revisions were performed on 14,613 hemiarthroplasties. Reasons for revision are also presented in Fig. 3 ; it should be stressed that only surgically treated dislocations were considered.
The survival curve was also plotted for total revision (Table 4 ). In this case the end point is represented by Multivariate analysis was applied to test the influence of single factors on the survival of the THA.
The end point was revision of stem and/or cup. Variables included gender, age, diagnosis, and volume of operations performed in the surgical unit (more or less than 50 per year). The Cox multivariate test enabled verification of the influence of one variable on the others.
The chi-square test was used to globally test if the model was significant, i.e. if the variables put into the model influenced significantly the outcome of prosthetic surgery (chi-square=45.5).
A relative risk rate below one indicated a reduced risk of prosthesis loosening.
The outcome of THA was not significantly affected by gender, age, and volume of operations, but was negatively affected by diagnosis. The worst conditions occur in patients affected by rheumatoid arthritis (relative risk rate 1.80; 95% CI: 1.05-3.07), femoral neck fracture and sequelae (relative risk rate 1.70; 95% CI: 1.40-2.11), and sequelae of coxitis or Paget's disease (relative risk rate 2.54; 95% CI: 1.35-4.78).
Discussion
The results of the first successful effort to set up a regional register in Italy based on the same principles of the registers of Sweden, Norway, Finland, Denmark, and Australia are presented here [5] [6] [7] 9] . To reach this goal the linkage of the reimbursement of the Diagnosis Fig. 1 Survival of total hip arthroplasties (diagnosis and reason for revision) Related Groups (DRG) has been crucial for setting up the register, as all previous efforts to create a register on a voluntary basis rapidly failed due to the low compliance rate of many surgeons.
The population of the region Emilia-Romagna is comparable to the population of Norway (4.5 million), lower than both Finland (5.2) and Denmark (5.4), and about half of Sweden (9.0). The age distribution is similar: 19.2% are over 65 in Italy (22.7% in Emilia-Romagna), 17.2% in Sweden, 14.9% in Denmark, and 15.5% in Finland. Mean age at primary surgery is 66.9 years for total hip arthroplasty and 83.1 for hemiarthroplasty. Mean age for total hip arthroplasty is 68 years in Sweden, 70 in Norway, 68 in Denmark, and 66 in Finland. No other register collects data on hemiarthroplasty, so comparison is not possible.
The mean age at primary surgery in Emilia-Romagna is lower than in Scandinavian registers which is possibly due to the higher rate of operations performed to treat sequelae of congenital diseases such as hip dysplasia (12.2% in Emilia-Romagna vs 8.2% in Norway, 2.5% in Denmark, and 1.7% in Sweden). The reason for this is probably the higher rate of disease in the region compared to the rest of Italy (8/1000 vs 1/1000 in Italy), and because the Rizzoli Institute is highly specialised in this field and receives cases from all over the country.
Another possible reason to justify the difference of mean age at time of surgery might be in the choice of treatment of femoral neck fractures in the elderly by total hip arthroplasty in the Scandinavian countries. The incidence of femoral neck fracture is similar (1,200/100,000 inhabitants in Scandinavia vs 1,110/100,000 inhabitants in Italy) [14] ; nevertheless, in Italy 9.4% of cumulative THA are performed on primary femoral fractures, with values of 10.9% in Sweden, further rising to 13.0% in Norway and 12.8% in Denmark. This might partially explain the difference.
The rate of primary arthroplasty in Emilia-Romagna is 99 per 100,000 inhabitants, which is lower than in Sweden and Norway (120) but higher than in Finland (82). It should be noted that the rate is only apparently higher in EmiliaRomagna (5,082 THA per 4 million gives a rate of 127), because 1,140 of THA were performed on extra-region patients.
The male/female ratio in the registers is 37.8:62.2 in Italy, 41:59 in Denmark, 40:60 in Sweden, and 31:69 in Norway.
Unlike the Swedish and Danish registers, but similar to that of Norway, a large number of different prosthetic brands are used. The phenomenon does not seem to diminish; on the contrary, it is worsening. The risk is that the learning curve has to be reapplied on each type of prostheses and that statistical analysis to prove the efficacy of a model must be delayed in order to obtain numerically significant samples. It should be also pointed out that in 20% of primary operations, components from different companies are assembled in a single implant, thus creating possible future medicolegal problems even if virtually no problems arise for survival curves as any component is separately traced.
With regard to the fixation of the prosthesis, it is interesting to note that the number of uncemented prostheses is particularly high in our register, nearly double that of the Swedish register for the same period but similar to that of the Norwegian register. This anomaly enables interesting comparisons with other major databases. The high percentage of total hip replacements with ceramic on ceramic (cer) coupling is especially interesting because no other register Fig. 3 Survival of total revision. The end point is represented by second revisions of at least one component has the same experience. During our 7 years experience, metal (met) on polyethylene (pol) couplings are progressively decreasing from 45.6 to 29.6%, whilst met-met and cer-cer are increasing.
In total revision surgery cer-pol coupling increased from 34.5% in 2000 to 22.0% in 2006.
The duration of hospital stay is not reported in other registers, so comparison is not possible.
Survival rate at 7 years is 97.6% for hemiarthoplasties and 96.8% for primary total hip prostheses, the latter value being comparable to the Swedish (94.0%), the Danish (94.5%), and the Norwegian values (94%) [1, 4, 9] . No comparison can be done for hemiarthroplasties and total revision as the only register that collects these data is Australian, but it has a shorter follow-up. It can also be questioned whether revision is a too crude endpoint, but we do agree with the decision of the Scandinavian registers as it would be practically impossible to choose other parameters, such as clinical data or X-ray findings, and make all surgeons report with the same score.
The major problems in managing the RIPO are quality of data and costs, which are partially interconnected. Maintaining a detailed and accurate database is a costly proposition. Up to now, the cost of the RIPO has been covered by funds of the Institute Rizzoli and public grants; each registered operation has a rough cost ratio of 14:19 compared to the Norwegian register.
In our opinion the expense is justified by the advantages of monitoring the failures of surgical techniques and implants, which only a systematic register can do, in order to save on the number and cost of revisions. Many patients receive artificial joints each year, so that even a small decrease in the risk of revision would avoid a large number of unnecessary operations [5, 12] .
Cases lost to follow-up represent another major problem of local registers [1, 4, 16] . We have solved this problem by telephonic checks directly to the patients and subsequent statistical analyses [16] .
The main targets of the register have already been reached and others will be achieved as soon as follow-up increases. Currently, the register provides feedback to surgeons and the local health authorities on the early performance of implants, and it has already facilitated identification of individual patients who have received an implant in cases of urgent clinical review (zirconia balls and Hylamer components). The experience of RIPO is spreading, even if on a voluntary basis, since four other Italian regions (Toscana, Lazio, Campania, Puglia) have joined the register. The cohort of inhabitants has therefore reached 21,500,000, and annual total hip replacements 16,500. If this trend is maintained we will hopefully have a national register in the next few years.
